Can multimedia learning environments be designed to foster positive emotions that will improve learning and related affective outcomes? College students (N ϭ 118) were randomly assigned to 4 conditions created by 2 factors related to learners' emotion: external mood induction (positive vs. neutral emotions) and emotional design induction (positive vs. neutral emotions). A computer-based lesson on the topic of immunization was used as multimedia learning material. Results indicate that applying emotional design principles to learning materials can induce positive emotions and that positive emotions in multimedia-based learning facilitate cognitive processes and learning. Controlling for the germane load of the materials, the internal induction of positive emotions through design of the materials increased comprehension and transfer, whereas the external induction of positive emotions through mood induction enhanced transfer but not comprehension. Positive emotions induced through mood induction significantly increased the amount of learners' reported mental effort, whereas positive emotional design reduced the perceived difficulty of the learning task. Positive emotions increased motivation, satisfaction, and perception toward the materials. Mediation analyses suggest that the effect of positive emotions induced externally was mediated by both motivation and mental effort but found no mediators for emotion induced via emotional design, suggesting that positive emotional design has a more direct impact on learning than externally induced emotions. The study suggests that emotions should be considered an important factor in the design of multimedia learning materials.
Can multimedia learning environments be designed to foster positive emotions, and will such positive emotions improve learning and affective outcomes? In academic settings, learners experience a broad variety of emotions that are related to important predictors of learning, such as motivation, learning strategies, and self-regulation, as well as to academic achievement (Pekrun, Goetz, Titz, & Perry, 2002) . When it comes to educational experiences, the question of how the design of the materials impacts learners' emotions, and how these emotions may affect learning outcomes, has not received sufficient attention. In the present study, we investigate whether multimedia learning environments can be designed to induce positive emotions in learners and whether these positive emotions enhance comprehension of the content of the multimedia materials and facilitate the construction of mental models that allow for the transfer of the new knowledge to different situations.
Positive Academic Emotions
A common view of emotions is that they are generated by people's judgment about the world and initiated by an individual's appraisal in response to and interaction with a stimulus, such as the material with which the individual is learning (Desmet, 2002; Frijda, 1993; Lazarus, 1991; Oatley & Johnson-Laird, 1987; Ortony, Glore, & Collins, 1988) . Alternative models, such as core affect, have also been proposed to describe a person's emotional life (Russell, 2003) . This model is a response to research suggesting that a distinction between emotion and mood may not be meaningful and that affect, activation, and mood appear to describe the same phenomena (Yik, Russell, & Feldman Barrett, 1999 ). Russell's (2003) model captures valence as well as arousal in a two-dimensional system, with activation/deactivation as one dimension and pleasure/displeasure as the other, orthogonal dimension. For the purpose of this article, we therefore use the terms emotion and mood interchangeably, as our focus is on the general valence of learners' affect (positive-negative) and not on specific emotions.
We are interested in emotions experienced during learning (i.e., academic emotions). Academic emotions describe affect directly linked to learning, instruction, and academic achievement in formal and informal settings (Goetz, Pekrun, Hall, & Haag, 2006; Pekrun et al., 2002) . Pekrun et al. discuss two dimensions of emotions that impact performance, the valence of the emotion (positive-negative) and activation (Pekrun, 1992; Russell, 2003) . Positive emotions can be activating (happy, hopeful) or deactivating (satisfied, calm). Likewise, negative emotions can be activat-ing (anxious, angry) or deactivating (hopeless; Pekrun et al., 2002; Pekrun & Jerusalem, 1996) . Therefore, facilitating effects of emotions may be expected for those positive emotions that have an activating property, such as happiness, but also for certain negative activating emotions, such as anxiety. Furthermore, according to Pekrun (2006) , positive emotions strengthen motivation, whereas negative emotions can be detrimental to learning. The relationship between motivation and deactivating positive emotions (e.g., relaxation) and activating negative emotions (e.g., anger) is more complex. For example, anxiety can reduce intrinsic motivation to learn and simultaneously increase extrinsic motivation to avoid failure (Pekrun, 2006) . For the purpose of this research, we investigate the effect of activating positive emotions as facilitating agents that impact learning and motivational processes as mediating mechanisms.
Emotions and Learning
The findings from research on emotions and learning suggest that positive affect can enhance cognition in a broad variety of ways. Positive emotions have a crucial effect on diverse cognitive processes that are relevant for learning, such as information processing, communication processing, negotiation processing, decision-making processing, category sorting tasks and even the creative problem-solving process (Erez & Isen, 2002; Isen & Baron, 1991; Konradt, Filip, & Hoffman, 2003) . Early research in this area found a positive effect of emotion on memory, where a positive emotional state improved recall and positive emotions served as effective retrieval cues for long-term memory (Isen, Daubman, & Nowicki, 1987; Isen, Shalker, Clark, & Karp, 1978) . Research also suggests that cognitive processes may be more flexible as a function of positive affect, which may also result in greater creativity and improved problem-solving ability (Isen et al., 1987) . Research on the relation of emotions and learning has also found effects on variables such as effort-related metacognitive experiences, such that more positive emotions resulted in a higher readiness to invest effort in the learning task (Efklides, Kourkoulou, Mitsiou, & Ziliaskopoulou, 2006) .
Research conducted in the classroom with authentic learning tasks reveals a more complex relation of emotions and learning. In a study on the impact of affect on college students' comprehension of a reading passage on Newtonian physics, Linnenbrink and Pintrich (2002b) found inconsistent effects of positive emotions on conceptual change and strategy use. Studies on mathematics learning conducted with middle school students revealed a similarly inconsistent picture (Linnenbrink & Pintrich, 2002a) . A study on solving a 15-min series of math problems revealed that students' reported emotions were unrelated to learning outcomes. However, self-reported arousal (tired-excited) was positively related to students' regulation of their effort, such as persistence despite not wanting to work on the assigned task. Both self-reported arousal and self-reported valence (sad-happy) were positively related to cognitive regulation processes, such as planning tasks, monitoring task achievement, and checking answers. In reviewing their studies, Linnenbrink and Pintrich noted that their inconsistent findings may have been due to methodological problems of the research. In particular, the self-reports of affect may have been impacted by students' self-perception of how well they did on the assigned posttests, and the studies did not involve experimental manipulation of emotion.
Another line of research investigates emotion in the context of intelligent tutoring systems, such as AutoTutor (Graesser, Chipman, Haynes, & Olney, 2005) . These studies have shown that students experience a broad range of emotions during learning and that their affective state as coded by observers predicted 27% of the variance in learning measures (Craig, Graesser, Sullins, & Gholson, 2004) . Learning gains in this study were positively related to flow and confusion. Using progress in research on affective computing that allows computers to recognize human emotion and express emotion in response (Burleson, Picard, Perlin, & Lippincott, 2004; Picard, 1997) , Graesser, D'Mello, and colleagues have begun to investigate the question of whether a system can detect learners' affect through conversational cues, gross body language, and facial features and respond accordingly could enhance learning (D'Mello & Graesser, 2010) . A study that incorporated affect sensing into the AutoTutor system showed that under some conditions, low-prior-knowledge learners benefitted from an empathic and encouraging animated agent, whereas highprior-knowledge learners did not (D'Mello et al., 2010) .
Although promising, these results of existing studies on the relation of emotions and learning highlight the need for additional research. There are some basic research questions that have not yet been addressed in the context of learning from authentic materials, such as how to best induce positive emotions in learners and how such positive emotions affect learning outcomes in multimedia learning environments. Linnenbrink and Pintrich (2002a) noted, for example, that the experimental research on the effects of emotion on cognition mostly used mood-induction tasks, rather than environmental features, to induce positive affect. In the present study, we are therefore interested in comparing the effects of traditional mood-induction tasks with the effects of inducing positive emotions through the design of the learning environment itself. We are further interested in using learning materials that more closely resemble academic learning tasks, such as multimedia learning materials.
Emotions in Multimedia Learning
Many design features of multimedia materials, such as colors, shapes, and sounds, are likely to have an impact on learners' affect, yet few theoretical models of multimedia learning consider the effect of emotions on learning. Multimedia learning can, for the purpose of this research, be defined simply as learning from pictures and words (Mayer, 2001 ). The cognitive theory of multimedia learning describes, based on the dual channel assumption of dual coding theory (Paivio, 1986) , how multimedia information is processed in separate channels for verbal and visual information (Mayer, 2001) . Learning is considered a generative process in which learners select relevant visual and verbal materials, organize these visual and verbal mental representations in coherent structures in working memory, and integrate the visual and the verbal mental representations with one another and with prior knowledge (Mayer, 2005) . Complementing this process model, the cognitive load theory provides a capacity model of multimedia learning (Plass, Moreno, & Brünken, 2010; Sweller, 1988) . The theory defines three types of cognitive load: intrinsic cognitive load, which describes the complexity of the information; germane cog-nitive load, which describes the amount of mental effort invested by the learner in comprehending the materials; and extraneous cognitive load, which describes processing demands of information that is not directly related to the learning task and which are a result of the instructional design of the materials (Kalyuga, 2010) .
In the context of these two models, emotions are typically viewed as a source of extraneous cognitive load that should be reduced as far as possible (Harp & Mayer, 1998 ). An alternative approach suggests, however, that emotions may impact learning in a positive way, for example, by increasing learners' interest and motivation.
Emotions as Extraneous Cognitive Load
The emotions as extraneous cognitive load hypothesis suggests that the introduction of any elements aimed at inducing positive emotions in instructional materials will impose extraneous cognitive load, which will, in turn, hurt learning. This hypothesis is consistent with the coherence effect, which suggests that adding unimportant but interesting elements to expository texts impedes the learning of the main points in the text (Harp & Mayer, 1997 Mayer, 2005; Moreno & Mayer, 2000) . The strategies to induce positive emotions or interest in learners used in these studies include the addition of interesting text, visual information, music, or sounds to the learning materials. Proponents of this hypothesis claim that the processing of these additional elements makes demands on learners' limited working memory capacity and competes with the processing of the essential information. In other words, they claim that the relative benefit of these additional affective elements, geared toward increasing the learners' interest and motivation, is not high enough to compensate for the added processing demands and therefore will not result in enhanced learning.
The extraneous load hypothesis is grounded in studies in which experimentally induced emotions impeded encoding and retrieval of information (Ellis, Thomas, & Rodriguez, 1984; Ellis, Thomas, McFarland, & Lane, 1985) . The authors explained these results within the framework of a resource-allocation theory, asserting that emotions can both quantitatively reduce the amount of taskrelevant processing by the participant and produce a differential allocation of processing resources or capacity during encoding. Emotional states are viewed as conditions that regulate the allocation of capacity or resources in cognitive tasks. A disruptive emotional state is considered as generating task-irrelevant thinking that interferes with the encoding as well as the output of information, because it requires cognitive capacity that would normally be allocated to the process of encoding the task (Pekrun, 1992; Pekrun et al., 2002) . Other results indicate that emotions may negatively impact cognition by placing demands on working memory and therefore interrupting processing of a cognitive task (Seibert & Ellis, 1991b) . Emotions have also been found to suppress the cognitive processes in convergent or analytic tasks, such as deductive reasoning (Oaksford, Morris, Grainger, & Williams, 1996) . The extraneous load hypothesis therefore predicts that the use of design features to induce positive emotions in learners will result in decreased learning and increased extraneous cognitive load, as well as lower satisfaction with the learning experience and lower perception about their learning achievement.
Emotions as Facilitator of Learning
The emotions as facilitator of learning hypothesis is an alternative approach to the impact of emotions on learning. This hypothesis suggests that experiencing positive emotions during the learning process can enhance learning outcomes, either through direct impact and learning or through mediating variables, such as interest and motivation. The impact of learners' interest and motivation on learning is described by models such as the ARCS model, which suggests strategies for attention, relevance, confidence, and satisfaction of the learner (Keller, 1987) . Strategies to enhance positive emotions (specifically, sympathy and pleasure) and reduce negative emotions (specifically, fear, envy, and anger) to facilitate learning have been proposed by Astleitner (2000) . Astleitner argued that emotions affect learning and that instructional designers therefore need to optimize learners' emotional states during the learning process. However, there is limited empirical support available for this approach. Most recently, Moreno and Mayer (2007) proposed an extension to the cognitive theory of multimedia learning that incorporates motivational and metacognitive factors as mediators of multimedia learning.
The facilitator hypothesis is grounded in a series of research studies that has suggested that positive emotions have a crucial effect on diverse cognitive processes, such as information processing, communication processing, negotiation processing, decisionmaking processing, category sorting tasks, and even the creative problem-solving process (Erez & Isen, 2002; Isen & Baron, 1991; Konradt et al., 2003) . Isen and her colleagues identified two mechanisms in support of the facilitation hypothesis. One mechanism is related to long-term memory, where positive affect can serve as a retrieval cue for positive material from long-term memory (Isen et al., 1987 (Isen et al., , 1978 . The second mechanism involves the way information is processed, rather than how it is retrieved. Positive affect has been found to influence cognitive organization and creativity, providing cues to the positive material and influencing cognitive organization by altering the context in which cognitive activity take place (Isen & Daubman, 1984; Isen, Johnson, Mertz, & Robinson, 1985) . Cognitive processes may be more flexible as a function of positive affect, which may also result in greater creativity and improved problem-solving ability (Isen et al., 1987) . The facilitator hypothesis therefore predicts that the use of design features to induce positive emotions in learners will result in increased learning, increased germane cognitive load, increased motivation, and higher satisfaction with the learning experience and higher perception about their learning achievement.
Toward a Theoretical Model of Affect in Multimedia Learning
To advance research on the impact of emotion on multimedia learning it would be necessary to integrate cognitive theories of multimedia learning and theories describing the relation of affect and learning into a cognitive-affective theory of learning with media. Likely theories for such an integrated model are Mayer's (2005) cognitive theory of multimedia learning and Pekrun's (2000) control-value theory of achievement emotions. As a first step, such an integration would include emotions as a construct affecting the cognitive processes of multimedia learning. As a next step, constructs that might be mediators of this relationship of affect and cognitive processing should be considered, such as learners' motivation and invested mental effort (Goetz et al., 2006; Pekrun, 2000; Plass et al., 2010 ).
An immediate contribution of Pekrun's (2000) theory to an understanding of the role of affect in multimedia learning stems from the activation dimension of emotion (Pekrun, 1992; Russell, 2003) . The inconsistent effects of positive emotions on learning found in the research reviewed above may be due to the fact that few of these studies considered whether the emotions observed were activating or deactivating. One of the most important factors impacting this activation dimension is the way in which emotions were induced. Following Linnenbrink and Pintrich's (2002b) suggestion to consider inducing positive emotions through environmental factors, we next discuss two different approaches to the induction of positive emotions that were used in the present study.
Two Methods of Inducing Positive Emotions
An important consideration for our study on the impact of positive emotion on multimedia learning is the way in which emotions will be induced. Previous experimental work usually induced positive emotions using procedures such as viewing films or giving a free gift before the task (e.g., Isen et al., 1987) . However, there are limitations when applying these methods in a multimedia learning environment. Most important, it is unclear what duration an emotional state that is induced before a learning task will have. Lab research on emotions often used short tasks that are typically completed within 5-10 min after the emotion state has been induced, which is shorter than a typical learning task in multimedia environments. Furthermore, if the learning process impacts the users' emotional state, it is uncertain as to how long the learner can maintain the initial emotional state as learning proceeds. In addition, it is of limited practical relevance for educators in schools that small gifts, given before the learning task, may enhance learning.
An alternative approach is to induce emotions through the multimedia learning environment itself. Various studies of multimedia learning have implied that different aesthetic designs can induce emotions and that these emotions affect users' performance and cognitive process (Harp & Mayer, 1997; Mayer & Moreno, 1998; North & Hargreaves, 1999; Szabo & Kanuka, 1998; Tractinsky, Katz, & Ikar, 2000; Wolfson & Case, 2000) . In addition, users' positive perceptions about learning in multimedia environments suggest that positive emotions were produced by the design of various multimedia elements, such as the visual design, design layout, color, and sound (Tractinsky et al., 2000; Wolfson & Case, 2000) . Although design principles have been proposed that improve the appeal of design on a visceral level (Lidwell, Holden, & Butler, 2003; Norman, 2004) , such principles require a designer's artistic sense and have not been employed along with direct measures of positive emotions. It is therefore desirable to use a set of design principles for the induction of positive emotion through the learning environment that is theory-based and empirically validated.
Our approach to induce positive emotions in multimedia learning therefore uses manipulations of the design of the environment that do not add significant amounts of new information to the material. To that end, we use established effects that have been empirically validated in their impact on learners' positive emotions. These effects include the use of specific color combinations and of specific visual shapes, and we refer to the combined application of these visual design effects as positive emotional design.
Color Combination
Various studies showed that people's feelings are affected by colors, and colors can generate positive feelings and arousals of emotions, such as pleasure and excitement (e.g., Berlyne, 1970; Tucker, 1987) . Warm colors elicit greater feelings of arousal than do cold colors (Bellizzi & Hite, 1992; Wolfson & Case, 2000) . Results from research on advertising indicated that higher levels of chroma (saturation) and value (degree of darkness or lightness of the color) influence feelings of excitement and relaxation, and these feelings, in turn, create positive attitude toward the materials (Gorn, Chattopadhyay, Yi, & Dahl, 1997; Thompson, Palacios, & Varela, 1992) . There is indication that the color red may impair performance in high-stakes tests (Elliot, Maier, Moller, Friedman, & Meinhardt, 2007) . Although our learning environment does not constitute such an achievement task, we largely avoided the use of the color red. Therefore, the positive emotional design treatment used saturated and analogous bright warm color combinations including yellow, orange, and pink for the design of the multimedia materials.
Visual Shapes
A well-established effect describing the impact of visual shapes on emotion is the baby-face bias. The baby-face bias describes how people or things with round features, large eyes, small noses, and short chins are perceived as baby-like (Lorenz & Generale, 1950) . In contrast to shapes with sharp edges, these round features evoke baby-like personality attributes, such as innocence, honesty, and helplessness, which induce positive affect in the learner. Similar effects have been reported in research on anthropomorphism, which studies the attribution of uniquely human characteristics and qualities to nonhuman beings, inanimate objects, or natural or supernatural phenomena (Dehn & van Mulken, 2000; Disalvo & Gemperle, 2007; Hongpaisanwiwat & Lewis, 2003; Reeves, & Nass, 1996) . The positive emotional design treatment therefore uses illustrations and characters with round shapes instead of square shapes.
In the present study, we ask whether positive emotions in multimedia learning environments facilitate or suppress learning. In particular, we are interested in how the internal induction of positive emotions (induction during learning, through the positive emotional design of learning materials) would affect learning outcomes, cognitive load, and motivation compared with an external induction of positive emotions (induction before a learning task, through an emotion induction procedure). We were also interested in learners' perception of their learning achievement and level of satisfaction with their learning experience.
Method

Participants and Design
The participants were 118 students who were enrolled at a large private university in the northeastern United States. There were 49 male and 79 female participants, and all of them were over 18 years old (M ϭ 24.9, SD ϭ 6.4). Each participant was compensated $10 for his or her participation. Participants were randomly assigned to one of four treatment conditions, which were created by two design factors with two levels each. These factors were the external induction of positive emotions by means of a selfreferencing mood-induction procedure (positive [PE] or neutral [NE] emotions) and the internal induction of positive emotions by means of the emotional design of the learning materials (positive [PD] or neutral [ND] design). As a result, the control group (NEND group) received the neutral mood-induction procedure (NE) and the material with neutral design (ND). The PEPD group received the positive mood-induction procedure (PE) and material with positive emotional design (PD). The PEND group received the positive mood-induction procedure (PE) and the material with neutral design (ND). The NEPD group received a neutral mood procedure (NE) and the material with positive emotional design (PD).
Materials and Apparatus
Emotion-induction procedure. To induce positive or neutral emotions in the participants, a self-referencing mood-induction procedure, developed by Seibert and Ellis (1991a) , was used. This procedure was designed for use in laboratory settings and has been successfully used for induction of emotions in prior research on emotion and cognition with college students (Seibert & Ellis, 1991b) . Of the three emotional states the procedure can be used to induce (happy, sad, and neutral), the present study used only the happy and the neutral mood-induction procedures. Each procedure involves reading 25 statements in a predetermined sequence; the program provided tones in 10-s intervals as signal when to advance to the next statement. In the neutral moodinduction procedure, participants were instructed to read each statement to themselves, then read it out loud and to advance to the next statement when they heard a tone. Sample items from the neutral emotion-induction procedure are, "There are sixty minutes in one hour" and "Apples are harvested in the Fall." In the positive emotion-induction procedure, participants were instructed to read each statement to themselves and then read it out loud. They were told that these statements represented an emotional state and asked to feel and experience each statement as if it applied to them. They were instructed to advance to the next statement when they heard a tone. Sample items from the happy emotion-induction procedure are, "It doesn't get any better than this" and "It's great to be alive!" Each of these two procedures was presented on a computer screen using a computer program developed in Adobe Flash (Professional Version 8).
Design of learning material. A computer-based lesson covering the topic "how immunization works" was used as multimedia learning material. The first author developed this multimedia program using Flash animation and HTML. The program consisted of six sections, entitled "Infection and Disease," "Immune System," "How the Immune System Works," "Immunization," "Active Immunization," and "Passive Immunization." The content was presented as animation with some integrated labels and a narration, which is the recommended form of integrating text and animation, according to the well-established modality principle (Mayer, 2005) . Three instructional design professionals reviewed the content and instructional design of the materials. To manipulate affect, two different versions of emotional design were used. The neutral emotional design (NE) was developed in monochromatic grayscale and with rectangular shapes. The positive emotional design (PD) applied the color and shape effects discussed above to induce positive emotions without changing the learning content of the materials (see Figure 1) .
In particular, the positive emotional design treatment used saturated and analogous bright warm color combinations including yellow, orange, and pink for the design of the animation and visual design elements and round shapes, instead of square shapes, for illustrations and characters related to the content. These manipulations were chosen because their emotional impact had been established in previous empirical research and because they allowed for the design of a variant of the treatment that did not add any new learning content that would confound the results.
To make sure that changes to the visual design only affected aspects of the color and shape of the represented information, the positive and the neutral design materials both had the same amount of learning content, user control options, and duration and applied the same multimedia learning design principles (Mayer, 2005) .
Measures
As a manipulation check of emotion induction, the Positive Affect Scale (PAS) from the Positive and Negative Affect Schedule (PANAS; Watson, Clark, & Tellegen, 1998) was used. The PAS asks respondents to indicate the degree to which they experience 10 different feelings related to positive affect (interested, excited, strong, enthusiastic, proud, alert, inspired, determined, attentive, active), using a 5-point Likert-type scale ranging from 1 (very slightly or not at all) to 5 (very much; coefficient ␣ ϭ .84). The total score for each participant was obtained by adding the 10 responses. The subscales have a high internal consistency (coefficient ␣ ϭ .89 for PA, .85 for NA) and are independent of one another when used to assess current, past, or general mood (Crawford & Henry, 2004) .
Prior knowledge was assessed using a seven-item self-report checklist in which learners indicated their level of knowledge of the topic of the learning material, immunization. Participants received one point for each item that they reported, which span from "I can explain what antibodies are" to "I can explain what phagocytes are." The total score for each participant was obtained by adding points from all seven items.
To assess the learning outcome (performance) of the multimedia instruction, comprehension and transfer tests were administered. The comprehension test measured learners' understanding of key concepts of the materials and was composed of 15 multiple-choice questions. The transfer test measured participants' ability to apply the concepts learned to solve problems and consisted of four questions. For example, we asked, "HIV, Human Immunodeficiency Virus, destroys T cells in immune system. Explain the consequences of this infection by describing the role of T cells in the process of immune system" and "Explain why a person who has already been infected with chicken pox does not need the vaccine for future infection of chicken pox." Participants received one point for each acceptable answer on each of the four problemsolving transfer sheets and the total score on each of the tests was obtained by adding points received for the individual items on the test. A second rater scored all answers, and differences in scores among the raters were discussed until they were resolved.
To measure the cognitive load experienced by learners, participants completed a 9-point Likert-type Cognitive Load Subjective Experience Questionnaire targeting invested mental effort (germane cognitive load), asking, "How much mental effort did you invest in studying the previous material?" (Paas, 1992) . Participants also completed a 7-point Likert-type survey on their perceptions of task difficulty (extraneous cognitive load), asking, "How easy or difficult was the material to understand?" (Kalyuga, Chandler, & Sweller, 2000) .
One 7-point Likert-type question was used to measure users' satisfaction with their learning experience of using the computerbased multimedia lesson, asking, "How much you did like the 'immunization' learning material?" In addition, one 7-point Likerttype question was asked to measure users' perception about their learning achievement, asking, "How well do you think you did in the preceding tests?"
Learner's motivation was measured using a self-report instrument consisting of an eight-item questionnaire with 7-point Likerttype items developed by Isen and Reeve (2006) for measuring intrinsic motivation. Participants were asked to rate how interesting and enjoyable they found the experience (1 ϭ strongly disagree, 7 ϭ strongly agree; e.g., "It is enjoyable"). One point was assigned for each item, and each participant's total score, obtained by adding responses from the eight items, was used for the data analysis.
Procedure
The entire procedure, including the learning material and responses to the questionnaires, was administered through a computer system. The questionnaires were built in Survey Monkey (http://www.surveymonkey.com), a web-based survey program, and linked with other materials in the order of the study procedure. Each participant was individually tested in a laboratory setting. Participants were randomly assigned to one of the four groups, and each participant worked in an individual session for about 1 hr.
After receiving a brief overview of the study procedure, each participant was seated in front of a computer. The participants received an introduction to the computer-based procedures and were asked to follow the instruction on the screen. After spending approximately 5 min completing the background questionnaires soliciting demographic information, 25 statements of either the positive or the neutral mood induction were displayed in 10-s intervals on an individual computer monitor. Participants were instructed to first read each of the statements to themselves and then read the statements aloud. This procedure lasted for approximately 6 min. To check whether the mood-induction procedure affected participants' emotions, the participants then completed the first positive affect schedule (PAS1). Next, the multimedia instruction with either neutral or positive design of the material was presented to the participants on the computer. They were told that they would be tested on the content of the material after the treatment. Participants were instructed to study the learning material for 15 min. After completing their learning task, participants were given approximately 25 min to complete the questionnaires of mental effort and perceived task difficulty, the second PAS (PAS2), and self-report measure of intrinsic motivation, learning performance (comprehension and transfer tests), perception of achievement, and satisfaction with their learning experience. Participants were then thanked and debriefed. During the entire procedure, we followed American Psychological Association guidelines for the ethical treatment of human research participants.
Results
The aim of the present study was to investigate whether positive emotions in multimedia learning environments facilitated or sup-pressed learning and whether such emotions can be effectively induced using materials designed following emotional design principles. We used two controls groups in which positive and neutral emotions were induced using an established procedure of mood induction.
After initial preliminary analyses, we conducted a manipulation check to verify that the mood-induction procedure had the desired effect of inducing positive versus neutral emotions. To answer our research questions, we then compared the level of change of emotions as result of the treatment. We next analyzed learning outcomes and experienced cognitive load for the four treatment groups. We then compared the results for motivation, satisfaction with the learning experience, and perception of achievement of the treatment groups. Last, we explored motivation and mental effort as mediators of the effect of positive emotions on learning outcomes.
Preliminary Analyses
Descriptive statistics for the independent and dependent variables involved in analyses are presented in Table 1 . The alpha reliabilities for those measures with multiple items were as follows: PAS1, ␣ ϭ .94; PAS2, ␣ ϭ .94; comprehension, ␣ ϭ .74; transfer, ␣ ϭ .85; and motivation, ␣ ϭ .95. We conducted bivariate correlational analyses (see Table 1 ) between the scores of independent and dependent variables to assess the need for multivariate statistical approaches. These preliminary analyses revealed a moderate association (r ϭ .57, p Ͻ .001) between the learning outcomes, comprehension, and transfer. Also of interest were the moderate associations between motivation, satisfaction, and perception of learning, which ranged from r ϭ .38 to .68 (p Ͻ .001). These associations indicate a need for multivariate approaches when investigating the effect of positive emotions on learning and attitudes about learning (Tabachnick & Fidell, 2007) . Also of interest is the increase in the magnitude of correlations evident between the transfer scores and the PAS before (r ϭ .19, p ϭ .040) and after (r ϭ .25, p ϭ .007) the learning materials and emotional manipulation. This increase in association suggests that that there may be a relationship between changes in affect in the learning environment and transfer test performance.
Preliminary analyses were conducted to investigate possible gender differences in response to emotional manipulations and performance on outcome measures. Men and women differed significantly in performance on the second administration of the PAS, t(116) ϭ 2.17, p ϭ .032 (M ϭ 32.35, SD ϭ 7.48 for men, M ϭ 28.67, SD ϭ 9.29 for women). Accordingly, we controlled for gender in the subsequent analyses involving the PAS2. No gender differences were evident in other measures.
Manipulation Check of Mood Induction
Evidence of positive mood induction. An indication of a successful mood induction would be a significantly more positive emotional state of learners in the positive mood-induction groups (PEND and PEPD), compared with learners in the neutral emotion groups (NEND and NEPD) before the learning treatment began. An independent-samples t test on the scores of the first PAS test by mood-induction condition (neutral, positive) revealed that after the mood induction, the positive emotion groups (M ϭ 35.3, SD ϭ 9.0) rated their emotions significantly more positively than the neutral emotion groups (M ϭ 24.9, SD ϭ 7.8), t(116) ϭ 6.64, p Ͻ .001, Cohen's d ϭ 1.24. This suggests that the mood induction was successful, and the intended neutral versus positive emotional states were induced before the learning treatment.
Evidence of positive emotional design. An indication of a successful positive emotional design would be a significant effect of group on the change in affect ratings over the course of the learning treatment. An analysis of covariance with repeated measures (RM-ANCOVA) with treatment as between-subjects factor and PAS scores on the first and second PAS tests as repeatedmeasures variable, controlling for gender, indicated main effects for group, F(3, 113) ϭ 14.46, p Ͻ .001, and gender, F(1, 113) ϭ 4.22, p ϭ .042. These main effects were qualified by an interaction effect between the change in PAS scores and group, F(3, 113) ϭ 4.37, p ϭ .006. No interaction effects between gender and group were evident. Follow-up analyses revealed that the PAS scores of two groups changed significantly over the course of the treatment (see Figure 2 ). These two groups were PEND (positive emotions and neutral design group), F(1, 28) ϭ 4.981, p ϭ .034, partial 2 ϭ .15, for which positive emotions decreased significantly from PAS1 (M ϭ 36.7, SD ϭ 8.7) to the PAS2 (M ϭ 33.2, SD ϭ 8.2), and NEPD (neutral emotions and positive design group), F(1, 28) ϭ 6.733, p ϭ .015, 2 ϭ .19, for which positive emotions increased significantly from PAS1 (M ϭ 26.9, SD ϭ 6.9) to PAS2 (M ϭ 30.0, SD ϭ 8.0). Post hoc tests (Tukey honestly significant difference) revealed significant differences between the group NEND and two of the three other groups: PEPD (p Ͻ .001) and PEND (p Ͻ .001). The difference between the NEND group and the NEPD was significant at the p ϭ .056 level. These findings suggest that groups PEPD, PEND, and NEPD had more positive emotions than the control group NEND, which stayed in a neutral emotional state. These results indicate that the positive emotions induced externally, before the learning task, tended to decrease during learning when the emotional design was neutral. However, the internal induction of positive emotion, through the positive emotional design of the learning material, helped maintain the positive emotions and even increased the positive emotions during learning for those learners who had neutral emotions at the beginning of the learning task. These findings support our hypothesis that positive emotions can be induced through the learning material by applying emotional design principles.
Learning Outcomes
We were interested in how the internal induction of positive emotions (induction during learning, through the positive emotional design of learning materials) would affect learning outcomes compared with an external induction of positive emotions (induction before a learning task, through a mood-induction procedure).
We first determined whether there were differences in selfjudged prior knowledge among the four treatment groups. A oneway analysis of variance (ANOVA), with prior knowledge as dependent measure and treatment as factor, did not reveal statistically significant differences, F(1, 114) ϭ 1.89, p ϭ .135. Prior knowledge was therefore not included in further analyses.
Given the moderate correlation between comprehension and transfer measures, a multivariate analysis of variance was conducted to determine the effect of the two different manipulations on learning outcomes. We computed a 2 ϫ 2 multivariate analysis of covariance with emotional design (neutral, positive) and mood induction (neutral positive) as between-subjects factors and comprehension and transfer scores as dependent measures, controlling for mental effort (germane cognitive load). The analysis revealed a significant main effect for mental effort , F(2, 112) Comprehension. Means and standard deviations of the comprehension scores of the four treatment groups are reported in Table 2 . To further investigate the effect of the two different manipulations of emotions on learners' comprehension of the multimedia materials, we computed a 2 ϫ 2 ANCOVA with emotional design (neutral, positive) and mood induction (neutral, positive) as between-subjects factors and comprehension test as dependent measure, controlling for mental effort. The analysis revealed a significant main effect for emotional design, F(1, 113) ϭ 11.56, MSE ϭ 90.77, p ϭ .001, 2 ϭ .09. No main effects Note. NEND ϭ neutral mood-induction procedure and neutral emotional design of material; PEPD ϭ positive mood-induction procedure and positive emotional design of material; PEND ϭ positive mood-induction procedure and neutral emotional design of material; NEPD ϭ neutral mood-induction procedure and positive emotional design of material.
were found for mental effort . Learners whose positive emotional state was induced externally, through the moodinduction procedure, performed better on transfer test than controls (neutral induction, M ϭ 9.84, SD ϭ 5.08; positive induction, M ϭ 13.15, SD ϭ 5.50; d ϭ 0.62). Likewise, learners whose positive emotional state was induced internally, through the design of the learning materials, performed better on transfer test than controls (neutral design, M ϭ 9.82, SD ϭ 5.46; positive design, M ϭ 13.16, SD ϭ 5.13; d ϭ 0.63). There was no interaction effect for the two factors, F(1, 113) ϭ 0.24, p ϭ .623. These results showed that both internal and external induction of positive emotions increased learners' performance on the transfer test.
In summary, these findings show that, controlling for the germane load invested by the learner, the internal induction of positive emotions through emotional design of the materials was able to increase comprehension and transfer, whereas the external induction of positive emotions through a mood-induction procedure enhanced transfer but not comprehension.
Cognitive Load
Cognitive load was next explored as an outcome variable. We measured two different types of cognitive load: invested mental effort (germane load) and perceived difficulty of the learning task (extraneous load). Means and standard deviations of these variables for the four treatment groups are reported in Table 2 . For each of these measures, we computed a 2 ϫ 2 ANOVA with emotional design (neutral, positive) and mood induction (neutral, positive) as between-subjects factors.
The ANOVA computed on mental effort scores revealed a main effect for the external mood induction, F(3, 114) ϭ 7.52, MSE ϭ 22.85, p ϭ .007, 2 ϭ .06. Learners who received a positive mood induction reported a higher amount of invested mental effort (M ϭ 6.49, SD ϭ 1.71) than learners who received a neutral mood induction (M ϭ 5.61, SD ϭ 1.75; d ϭ 0.51). There was no main effect for emotional design (neutral design, M ϭ 6.07, SD ϭ 1.98; positive design, M ϭ 6.07, SD ϭ 1.58), nor an interaction effect of the two factors.
The ANOVA computed on task difficulty scores revealed a marginally significant main effect for emotional design, F(3, 114) ϭ 3.62, MSE ϭ 3.95, p ϭ .060, 2 ϭ .03. Learners receiving the internal induction of positive emotions through emotional design rated the difficulty of the learning material as lower (M ϭ 2.95, SD ϭ 0.84) than learners in the neutral emotional design condition (M ϭ 3.32, SD ϭ 1.21; d ϭ 0.36). There was no main effect for mood induction (neutral induction, M ϭ 3.19, SD ϭ 0.97; positive induction, M ϭ 3.07, SD ϭ 1.12), nor an interaction effect of the two factors.
In summary, positive emotions induced before the multimedia learning task through mood induction significantly increased the amount of reported mental effort learners invested during learning. Positive emotions induced during the learning task through emotional design, on the other hand, reduced the perceived difficulty of the learning task.
Learners' Motivation, Perception of Learning Achievement, and Satisfaction With Learning
Means and standard deviations of scores for motivation, learners' perception of their learning experience, and learners' satisfaction for the four treatment groups are reported in Table 2 . Given the moderate correlations between motivation, perception of achievement, and satisfaction, a multivariate analysis of variance (MANOVA) was conducted to determine the effect of the two different manipulations on learning outcomes. We computed a 2 ϫ 2 MANOVA with emotional design (neutral, positive) and mood induction (neutral positive) as between-subjects factors and motivation, perception of achievement, and satisfaction as dependent measures. The analysis revealed a significant main effect for Mood Induction, F(3, 112) ϭ 3.53, p ϭ .017, 2 ϭ .09. The effect for emotional design, F(3, 112) ϭ 2.50, p ϭ .064, 2 ϭ .06, was marginally significant. For each of these measures, we computed a 2 ϫ 2 ANOVA with emotional design (neutral, positive) and mood induction (neutral, positive) as between-subjects factors.
The ANOVA computed on the satisfaction scores revealed a significant main effect for mood induction, F(3, 114) ϭ 6.56, MSE ϭ 11.58, p ϭ .012, 2 ϭ .05. Learners receiving the positive mood-induction procedure reported a higher satisfaction with their learning experience (M ϭ 5.34, SD ϭ 1.25) than learners receiving the neutral mood induction (M ϭ 4.72, SD ϭ 1.42; d ϭ 0.46). No differences were found for emotional design (neutral, M ϭ 4.84, SD ϭ 1.31; positive, M ϭ 5.23, SD ϭ 1.41), and there was no interaction effect for the two factors.
The ANOVA computed on learners perception of learning achievement scores revealed a significant main effect for mood induction, F(3, 114) ϭ 7.06, MSE ϭ 13.32, p ϭ .009, 2 ϭ .06, and for emotional design, F(3, 114) ϭ 5.69, MSE ϭ 10.73, p ϭ .019, 2 ϭ .05. Learners receiving the positive mood-induction procedure reported a higher perception of their learning achievement (M ϭ 4.80, SD ϭ 1.38) than learners receiving the neutral mood induction (M ϭ 4.12, SD ϭ 1.40; d ϭ 0.46). Likewise, learners whose positive emotional state was induced internally, through the design of the learning materials, reported a higher perception of their learning achievement than controls (neutral design, M ϭ 4.84, SD ϭ 1.31; positive design, M ϭ 5.23, SD ϭ 1.41; d ϭ 0.29). These results indicate that both methods of inducing positive emotions increased learners' perception of their learning achievement.
The ANOVA computed on the motivation scores revealed a significant main effect for the external mood induction, F(1, 114) ϭ 6.54, MSE ϭ 554.72, p ϭ .012, 2 ϭ .05, and a significant main effect for emotional design, F(1, 114) In summary, learners' satisfaction with the material was significantly increased only by positive emotions induced before the multimedia learning task through mood induction. Learners' motivation and their perception of their learning achievement were significantly increased by both positive mood induction and positive emotional design.
Effect of Positive Emotions as Mediated by Motivation and Mental Effort
To assess the extent to which motivation and mental effort might be mediating the relationship between positive emotions and learning outcomes in the two manipulations, we conducted series of mediation analyses using the procedure outlined by Preacher and Hayes (2004) .
Comprehension. We first ran a series of regression analyses to explore the role of motivation in mediating comprehension outcomes. The mood-induction treatment failed to have a direct effect on comprehension (␤ ϭ 0.79, p ϭ .142), suggesting that there was not a unique effect of externally induced emotions to be mediated by motivation or mental effort. Positive emotions induced internally by the emotional design of the learning materials had a direct effect on comprehension (␤ ϭ 1.78, p Ͻ .001) and a direct effect on motivation (␤ ϭ 3.46, p ϭ .049). The effect of motivation on comprehension, controlling for emotional design, was also significant (␤ ϭ 0.06, p ϭ .023). Last, there was a direct effect of emotional design on comprehension, controlling for motivation (␤ ϭ 1.56, p ϭ .003), suggesting partial mediation as defined by Baron and Kenny (1986) . However, results from the Sobel test (Sobel, 1982) , which was employed to directly assess whether the effect of emotional design on comprehension is significantly reduced upon the addition of motivation as a mediator to the model, suggested no mediation (z ϭ 1.43, p ϭ .153). An alternative approach to testing the significance of an indirect or mediated effect is bootstrapping, a nonparametric technique that employs resampling and re-estimating to create a sampling distribution of the indirect effect that defines confidence intervals (Preacher & Hayes, 2004) . Using 1,000 bootstrap resamples, the 95% confidence interval for the indirect effect of the mediator was -.04 to .61; given that this interval includes zero, the indirect effect does not differ significantly from zero. We can therefore conclude that the addition of motivation does not significantly reduce the direct effect of emotional design on comprehension. Therefore, motivation was not found to mediate the effect of internally induced positive emotions on comprehension.
We next explored the role of mental effort in mediating the effect of emotional design on comprehension. As previously established, positive emotions in the emotional design treatment had direct effect on comprehension (␤ ϭ 1.78, p Ͻ .001). Emotional design did not have a direct effect on mental effort (␤ ϭ -0.005, p ϭ .989), nor was there an effect of mental effort on comprehension, controlling for emotional design, (␤ ϭ 0.16, p ϭ .268). The direct effect of emotional design on comprehension, controlling for motivation, remained the same (␤ ϭ 1.78, p Ͻ .001), further suggesting no mediation by mental effort. The Sobel test (z ϭ -.01, p ϭ .992) and the bootstrap results (95% confidence interval [CI] ϭ -.16 to .14) support the claim that the effect of emotional design on comprehension is not mediated by mental effort.
Transfer. Next we ran a series of regression analyses to explore the role of motivation and mental effort in mediating transfer outcomes in the two manipulations. Positive emotions in the mood-induction treatment had direct effect on transfer (␤ ϭ 3.31 p ϭ .001) and a direct effect on motivation (␤ ϭ 4.31, p ϭ .014). The effect of motivation on transfer, controlling for mood induction, was also significant (␤ ϭ 0.17, p Ͻ .001). Last, there was a direct effect of mood induction on transfer, controlling for motivation (␤ ϭ 2.56, p ϭ .009), suggesting partial mediation, as defined by Baron and Kenny (1986) . Results from the Sobel test, which assesses the indirect effect of motivation on the relationship between mood induction and transfer, also suggest mediation (z ϭ 1.97, p ϭ .049). The bootstrap results, using 1,000 bootstrap resamples, produce a 95% CI for the indirect effect of the mediator of 0.11 to 1.58, suggesting that the indirect effect of motivation on transfer is greater than zero. Therefore, motivation mediates the effect of externally induced positive emotions on transfer outcomes.
Internally induced positive emotions also had direct effect on transfer (␤ ϭ 3.34, p Ͻ .001) and a direct effect on motivation (␤ ϭ 3.46, p ϭ .049). The effect of motivation on transfer, controlling for emotional design, was also significant (␤ ϭ 0.18, p Ͻ .001). Last, there was also a direct effect of emotional design on transfer, controlling for motivation (␤ ϭ 2.72, p ϭ .005), suggesting partial mediation as defined by Baron and Kenny (1986) . However, results from the Sobel test suggest no mediation (z ϭ 1.69, p ϭ .092). The bootstrap results, using 1,000 bootstrap resamples, produce a 95% CI for the indirect effect of the mediator of -0.006 to 1.51. Given that this interval includes zero, we can conclude that the addition of motivation does not significantly reduce the direct effect of emotional design on transfer. Therefore, motivation was not found to mediate the effect of emotions induced internally on transfer outcomes.
Finally, we ran a series of regression analyses to explore the role of mental effort in mediating transfer outcomes in the two manipulations. Externally induced positive emotions in the moodinduction treatment had a direct effect on transfer (␤ ϭ 3.31 p ϭ .001) and a direct effect on mental effort (␤ ϭ 0.88, p ϭ .007). The effect of mental effort on transfer, controlling for mood induction, was also significant (␤ ϭ 0.84, p ϭ .003). Last, there was a direct effect of mood induction on transfer, controlling for mental effort (␤ ϭ 2.57, p ϭ .009), suggesting partial mediation, as defined by Baron and Kenny (1986) . Results from the Sobel test, which assesses the indirect effect of mental effort on the relationship between external induction and transfer, also suggest mediation (z ϭ 1.99, p ϭ .047). The bootstrap results, using 1,000 bootstrap resamples, produce a 95% CI for the indirect effect of the mediator of 0.10 to 1.83, suggesting that the indirect effect of mental effort on transfer is greater than zero. Therefore, mental effort was found to mediate the effect of externally induced positive emotions on transfer outcomes.
As discussed above, positive emotions in the emotional design treatment had a direct effect on transfer (␤ ϭ 3.34, p Ͻ .001). However, emotional design did not have a direct effect on mental effort (␤ ϭ -0.005, p ϭ .989). There was an effect of mental effort on transfer, controlling for emotional design, (␤ ϭ 1.02, p Ͻ .001). The direct effect of emotional design on transfer, controlling for mental effort, remained the same (␤ ϭ 3.34, p Ͻ .001), suggesting no mediation by mental effort. The Sobel test (z ϭ -0.01, p ϭ .989) and the bootstrap results (95% CI ϭ -0.72 to 0.68) support the claim that the effect of emotions induced by design on transfer is not mediated by mental effort.
In summary, the results from mediation analyses suggest that the effect of external induction of positive emotions on transfer outcomes was mediated by both motivation and mental effort. In contrast, these processes do not mediate the effect of internal induction of positive emotions through design on comprehension and transfer. The effect of positive emotions through design features seems to impact learning outcomes directly, as opposed to externally induced emotions, the effect of which is partially mediated by motivation and mental effort.
Discussion
Our results indicate that applying emotional design principles to learning materials can induce positive emotions and that positive emotions in multimedia-based learning facilitate cognitive processes and learning. We examined the effects of internally and externally induced positive emotions on learning performance, cognitive load, and other affective experiences. We also examined possible mediating effects of motivation and cognitive load on the effect of emotion on comprehension and transfer.
Positive Emotional Design
Our data demonstrate that positive emotions can be induced through the quality of the design of the learning material. Several studies have suggested that positive emotions were produced by different designs of multimedia elements, such as visual design principles, design layout, color, and sound (e.g., Tractinsky et al., 2000; Wolfson & Case, 2000) . The visual design principles, bright warm colors and baby-face-like shapes, were chosen because their emotional impact had been established in previous empirical research and because they can be implemented in the visual interface of most learning materials without adding any new learning content.
The positive emotional design that incorporated these principles maintained the positive emotional state and increased positive emotions of those learners who had a neutral emotional state in the beginning of the learning process. As expected, our study found that the effect of externally induced positive emotions significantly decreased toward the end of the learning. In contrast, the internal induction of positive emotions through the design of the learning materials maintained the positive emotional state until the end of the learning task. At the end of the learning task, learners in three of the four treatment groups were in a positive emotional state, and only the learners in the control group that received the neutral mood induction and neutral design of the materials remained in a neutral emotional state.
Learning Outcomes
Results showed that learners who studied the materials that were designed to induce positive emotions performed better on the comprehension test than learners who received the neutral design. In addition, inducing positive emotions externally or internally increased participants' performance on the transfer test. These results support the facilitator hypothesis that a positive emotional state enhances learning outcomes. Our findings are in line with previous work indicating that positive emotions can serve as effective retrieval cues for other positive materials in memory and influence cognitive organization by altering the context in which cognitive activity takes place (Isen & Daubman, 1984; Isen et al., 1978) . The transfer findings in particular support the idea that positive emotions promote cognitive organization and creativity (Isen & Baron, 1991; Isen & Daubman, 1984; Isen et al., 1985 Isen et al., , 1987 . Our research helps to resolve the contradiction between the extraneous load hypothesis and the facilitator hypothesis: When positive emotions are induced through aesthetic design of key elements, rather than through extraneous means, they have a facilitating effect on learning.
The current findings also lend insight into the process by which externally and internally induced emotions impact learning. Results from mediation analyses indicate that emotions induced by emotional design of the learning materials, as suggested by Linnenbrink and Pintrich's (2002b) , have a more direct impact on learning. In contrast, the influence of externally induced positive emotions is at least in part via motivation and mental effort. Our data show that design features inducing positive emotions have a more immediate and broader impact on learning, both in terms of comprehension of content and transfer of knowledge, relative to externally induced positive emotions.
Cognitive Load
Our results also showed that positive emotions before the learning task resulted in a higher learner-reported mental effort investment, or germane cognitive load. In addition, we found that emotions induced through a positive emotional design resulted in a lower reported task difficulty, or extraneous cognitive load. Our findings were therefore inconsistent with the extraneous load hypothesis, which would suggest that positive mood increases the load on working memory (Seibert & Ellis, 1991b) . Furthermore, we did not find support for the notion that externally induced emotions result in increased perceived task difficulty (Seibert & Ellis, 1991a) . We found that learners reported lower extraneous load in the positive emotional design condition, suggesting that our goal to enhance the emotional design of the material without adding extraneous cognitive demands was successful.
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Motivation, Satisfaction, and Perception
Our results also showed that both externally and internally induced positive emotions increased intrinsic motivation during the learning, consistent with previous work (Erez & Isen, 2002; Isen & Reeve, 2006) . It is interesting that the emotional design of the learning material increased the motivation without hurting the learning performance. This result is consistent with Park's (2006) finding that seductive graphics positively affected students' level of interest without hurting the learning performance.
This study also found that the positive emotions induced before the learning increased the satisfaction toward the same learning material and experience. This result is consistent with several previous studies that found that positive emotions are direct or indirect factors in changing people's affective experiences, such as attitude, judgment, evaluation, and satisfaction (Isen et al., 1978; Isen & Patrick, 1983; Petty, Schumann, Richman, & Strathman, 1993; Weiss & Nicholas, 1999) . Furthermore, both external and internal methods of inducing positive emotions increased learners' perceptions of their own learning.
Limitations
As is the case for all empirical studies, there are some limitations to the generalizability of our findings. The limiting variables include the population used for this research, which included students at a highly selective university; the subject matter used, which focused on science learning; and the type of learning materials used, which consisted of a computer-based multimedia program with limited interactivity. Further research needs to investigate whether our findings can be applied to other populations, subject matter areas, and types of learning materials. The prior knowledge self-report measure does not provide the same insights as a prior knowledge test and therefore limits the claim that groups were truly equivalent after randomization. As we used a combination of established design principles to induce positive emotions, we cannot make claims as to the individual contributions of each of these methods; this will be the subject of our future research. Further, for this initial study on the effect of emotion on multimedia learning, we focused on the effect of positive emotion in general. Future research should investigate the effect of specific positive emotions on multimedia learning, both immediately and in a delayed test administration.
Conclusion
The results of this study provide initial evidence that positive emotions can facilitate learning and suggest that positive emotions be considered an important factor that should be incorporated into instructional design, especially for multimedia learning environments. This research has important theoretical as well as practical implications.
On the theoretical side, we were able to show that positive emotions not only affect cognition, as found in previous research, but that they also increase learning outcomes. In this study, the emotional design method we used did not increase the extraneous cognitive load induced by the learning materials and did not have any negative effect on learning performance and is therefore inconsistent with the extraneous load hypothesis (Ellis & Ashbrook, 1987; Oaksford et al., 1996; Seibert & Ellis, 1991a) . The results of this study are consistent with previous studies supporting the facilitator hypothesis of positive emotions, suggesting that positive emotions facilitate long-term memory retrieval and working memory processes, including creative problem-solving skills (Erez & Isen, 2002; Isen & Baron, 1991; Isen et al., 1987; Isen & Patrick, 1983; Petty et al., 1993; Weiss & Nicholas, 1999) . Also, we showed that the emotional design of the learning environments provides a more effective and longer lasting positive emotional state than mood-induction procedures administered before the treatment (Seibert & Ellis, 1991b) . Furthermore, the emotional design of such environments seems to have a direct effect on learning, unique from processes of motivation and mental effort.
Most important, this study provided initial data in support of the development of a theory of multimedia learning that includes affect. Our findings show that such a cognitive-affective theory of learning with media should consider emotion induced by the design of the learning environment as a factor that directly affects learning outcomes, rather than being mediated by motivation or mental effort. This is in direct contrast to findings from lab research using external methods of inducing emotions (Isen et al., 1987) .
On the practical side, this research provides empirical support for the need to consider emotional design effects in multimedia learning environments. Learners studying materials with the improved emotional design had better comprehensive and knowledge transfer, a more positive perception of and better motivation toward learning. The study provides instructional designers with methods to improve the emotional design of multimedia learning materials that can induce positive emotions without adding additional information that would distract learners from the educational content. Armed with this method for positive emotional design, instructional designers are in a position to enhance learning outcomes from multimedia learning environments.
